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INHIBITING POLYMER 17 Ann m p F V|NYL AgQMAyjg COMPOUNDS 

purificattonprocessessuch as disfi^on to^oveimpSf r^f"* Separatton and 

ro elevated temperatures result (n an Increased ratecrf^K^^ZS,^^ 0 ^? 1 ' 0 " 8 ° an1ed 0ut * 
aromatic compounds Is undesirable because it cause* f^iSa f'f tfon - The Polymerization of vinyl 
compounds unfit far use without narrnVtr^frnant Processing equipment and it renders the 

«22f S SuaTe^ -** -matlc compound, 

75 waste material which presents a significant^ MUfan S " Inhibition and its use results In 

chemical compounds have been X^^^n^^ 0 ^ M ,° re recen ^ other 

example In US-A- 2965 685 there is disclosedtte t^^^.i?^!,? f °. r aroma,,c compounds. For 
vinyl aromatic compounds. Also ci p Jma^nl^ Inhibit polymerization of 

stabilizing monomers, such as sfvrane and d^«fh!n^„- , ™! wn ! re,n tners « disclosed a method for 
mechanism by the ■d*o?o£J!E^^ b V a «dioaJ 

of^Si^^^ 

preparation Vsynftettc mo£e ; J i 3^ lla ^^'T^'""*^ 8 61 Presses relating to the 

dlal^loatechols^po^merlzatlon inhibits for tat Ss-t So^Crl ,f J T^T" "* 

N-nitrosoarylhyroxylamine or salt thereof to Inhthit thl™.! „ k - 7 063 mere te disclosed the use of 
polymer In • o2U^S^ 

ethyienlcally unsaturated ester rn US-A- 3 849^th«7TrL unsaturated hydrocarbon and/or 

as polymerizaflon inhibitors 

of dlethylhydroxylamlne either alone or In coTbfoafi^^^^ US-A-3878 181 teaches the use 

poVmerizatlon of chloroprene JS^^SSSSSX^^" * t9rminat * tho emutefon 

«5 ^ccom^ for Polymerization inhibition of 

DNPC for Inhiblttngtte po^erfz^onlf^ comb,ned *«* 

Additionally, the use of 4e^initro^^S^ =iJL V aromat,c compound In the presence of oxygen, 
ethylene nm^SSSSSS^i^ « ™ S "* ib «" * prevent polymerizaSn o, 

which comprises adding to the v^^m^como^rf^^^" 9 ^P" 16 " 4 dua to ™e polymerization) 
substituted hvroxylamlne tl^SSS^Sg^ SJSl^?^ 1 ? 0 " ° f a mbrture of a 
and a dinltrophenol. Preferably the mbcfure is , eomnrtfl b0, " na PO'nt of the vinyl arometlc compound. 
N.N^Ibenzy.hydroxylamln.TnTet^ —o*5 from 

thocresol. This mixture provides an unlxolcteo^ htah^r TJ~ Jf^^^oxylanilnes and dlnitroor- 
temperaturesmanthefndMduallngredlenS ,nnib,t,on at ^^ated 

effective polymer inhibiting process a. 3ZS3E2*^^ 
alone. Because of the enhanced poWn^hhESn^ 

polymerization inhibitor requfred for an e^^ear^nt ^ h of H tna ""^^e. the total quantity of the 
effectiveness which is p^vtoed fb^eachof »?X22£ 8 ^ ucad - tonally, the polymer Inhibiting 
concentrations of each * the in 9 r9dten ts may be exploited without use of higher 

v-n^S 

the polymerization. It is also possfol T proSde ^n^t l^ g ^ ^ W9SS ^ 9 ^ manX du ^° 
ihhibttlng the polymerfzatlon of vinyl aromatic 0—^^ ^ po,ymer 'nhibiting methods for 
description of the invenfionmoreTaS^ 

present invention. """stows me synergism of the compounds comprising the 

ocS^srs sa^ss a d, ' ^,tropheno, ,n accordance *» *• *—* 
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wherein R and R' are the same of different straight or branched-chain alkyl groups having at least three carbon 
atoms and preferably, having three to about twenty carbon atoms. Alternatively, R or R' may be a hydrogen with 10 
the proviso that R and R' cannot both be a hydrogen. Also, R and R' may be the same or different straight or 
branched-chain aralkyl groups having at least three carbon atoms and preferably having three to about twenty 
carbon atoms. 

The substituted hydroxylamines must also have a boiling point higher than the boiling point of the vinyl 
aromatic compound utilized in accordance with the present Invention. Styrene and other similar vinyl aromatic is 
monomers have boiling points at atmospheric conditions around 140° C and above. Consequently, distillation 
of these monomers during purification/separation steps in the process of preparation of these vinyl aromatic 
compounds typically Is performed at elevated temperatures of 100 to 140°C under reduced or near 
atmospheric conditions. Under these conditions, a lower boiling hydroxylamine such as, for example 
dlethylhydroxylamlne (b.p. 125 to 130°C at 101.31 kPa (760 mm Hg)) will go overhead with the monomer 20 
vapours resulting In undesirable contamination of the product. Thus, higher boiling hydroxylamines are 
necessary to prevent such contamination. 

Examples of suitable substituted hydroxylamines include N.N-dipropylhydroxylamlne, N.N-dibutylhydroxy- 
lamine, N,N-2-ethyl-butyloctylhydroxylamine, N.N-dldecylhydroxylamine, N,N-dibenzylhydroxylamine 
N-benzylhydroxylamlne, N.N-butyibenzylhydroxylamlne, N-phenylhydroxylamine, N.N-butylphenylhydroxy- 25 
lamlne, <methylbenzyl)hydroxylam!nes t and (ethylbenzyl) hydroxylamines. The term "(methylbenzyl) hydroxy- 
lamines - is meant to include mixtures of benzyihydroxylamlnes and methylbenzylhydroxylamlnes, such as, for 
example, Mixture B In Table III described below. Also, the term •(ethylbenzyl)hydroxylamines" is meant to 
Include mixtures of benzyihydroxylamlnes and ethylbenzylhydroxylamines. such as, for example, Mixture A In 
Table III described below. Preferably, the substituted hydroxylamine Is selected from N,N-dibenzylhydroxy- 30 
lamlne, (methylbenzyl)hydroxylamines and (ethylbenzyl) hydroxylamines. It is thought that any dinitrophenol 
compound may be used In accordance with the present invention. However, dlnitroorthocresol Is the preferred 
dlnltrophenol compound. 

The vinyl aromatic compounds covered in the present Invention comprise any of the readily polymerlzable 
vinyl aromatic compounds or monomers including styrene; substituted styrene such as, for example, alpha 35 
alkyl styrene, and ring alkyl substituted styrene; dlethylenlcaJly substituted benzene compounds such as, for 
example, dlvinylbenzene, vinyltoluene; vinyl naphthalene and the polyvinylbenzenes. This group is also 
understood to include ail structural Isomers and mixtures thereof. The vinyl aromatic compound preferred for 
use in the present invention is styrene. 

The total amount of substituted hydroxylamine and dinitrophenol compound used in the methods of the 40 
present invention as a polymerization inhibitor is that amount which Is sufficient to effect Inhibition of 
polymerization and will, of course, vary accord Ing to the particular vinyl aromatic compound and conditions 
under which It is used, e.g., temperature, pressure, etc. At higher temperatures, larger amounts are required 
Preferably, the total amount of substituted hydroxylamine and dinitrophenol Is from about 1 pprn to about 
10,000 pprn based upon the weight of the vinyl aromatic compound. Most preferably the total amount of the 45 
aforesaid compounds Is from about 5 pprn to about 1000 pprn based upon the weight of the vinyl aromatic 
compound. The relative concentrations of substituted hydroxylamine and dinitrophenol are generally in the 
range of about 1 to about 99 weight percent substituted hydroxylamine and about 99 to about 1 weight percent 
dinitrophenol based on the total combined weight of these components. Preferably, the molar ratio of 
substituted hydroxylamine to dinitrophenol is about 1:1. ' 50 

The present invention provides an improvement in processes for the preparation of readily polymerlzable 
vinyl aromatic compounds, especially the process for the preparation of styrene, which Include a distillation 
step at elevated temperature. Inasmuch as vinyl aromatic compounds produced by common Industrial 
processes contain impurities, these compounds must be subjected to separation and purification processes 
in order to be suitable for most types of further industrial use. Such separation and purification are generally 66 
accomplished by distillation. 

For example, in a typical styrene producing process known In the art, styrene is produced by 
dehydrogenation of ethylbenzene and so ethyibenzene, toluene, benzene, and styrene will come from a 
reaction vessel and be passed through three distillation towers: 

1. The first distillation tower removes benzene and toluene at about 50° C and 23.3 kPa (about 122°F 60 
and 175 mm Hg), while the bottoms product, containing the styrene, Is at about 111.7°C and 39 99 kPa 
(about 233° F and 300 mm Hg). 

2. The second distillation tower removes ethyibenzene at about 111.7°C and 39.99 kPa (about 233° F 
and 300 mm Hg), while the styrene goes bottoms at about 117.8 kPa and 41.32 kPa (about 244° F and 310 
rnmHg). 
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tOWerCan ^ — to "™ --^r^t^SoTo^Uuct of the 

<*thestyrene durfng ^ 

dinitroorthocresol (b.p. appS5SnS^KS-StaL^ Si™ no, ?t firSt T^*™ tower ' SinC8 
process. tf the boiHnJ ffi of a JS ^Sffitt^K^^** ""^ 

= g SeS 

of would rasultTco^^^ 

TABLE I 



Boiling Poi nts for Sty rene and DEHA 

*Diethylhydroxylamine 
Stxrena CDEHA) * 



Literature 



145 °C/ 101 .31 kPa 
(293°F/760 mm Hg) 



125-130°C/101.31 kPa 
(257-266°F/760 mm Hg). 



so 



Tower 1 



111.7°C/39.99 kPa 
(233°F/300 mm Hg) 



93.3°C/39.99 kPa 
(200°F/300 mm Hg) 



35 



Tower 2 



117.8°C/41.32 kPa 
(24.4°F/310 mm Hg) 



93.3°C/41.32 kPa 
(200°F/310 mm Hg) 



Tower 3 



40 
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59.4°C/6 kPa 
(139°F/45 mm Hg) 



43.3°C/6 kPa 
(110°F/45 mm Hg) 



*DEHA tower data projected by use of a nomograph! 

compounds, whfch Is due to or caused by V^SS^Sc^^ZJ^^" « the aromaflc 
temperatures. The present Investor ^proSdeV an ^e^m^^^n^!^ ? om P° unds * e «^ted 

vinyl aromatic ™nomer^^ Part.ou.ar 
boiling point of styrene Is about 145°C at 101 31 mpToSi mm? nr«.!J mMuT * la * dded - For example, the 
styrene would be 145'C and above at 101 31 kPa rreu Z nr«J? o^' S °J he elevated tem P e rature for 
are part of the m^^tSS^S^JR ZSSSffSSg***' t( W™ 

^^^^^ 

suitable carrier solvent which to SmSKK St SSmKjiSSt? - 7 f,f !° ,Ut ' 0n US,nS a 
components can be supplied to a «5 aromatic J^SfiESS^ £ 
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components can be Introduced at the beginning of the reaction or they can be added to the apparatus in which 
the distillation/separation of the crude monomer occurs. 

To demonstrate the synergism which Is provided by the Inventive combination of compounds at elevated 
temperatures, the data set forth In the Tables associated with the following Examples were developed. The 
following Exampies are incfuded as being illustrations of the present invention and should not be construed as 
limiting the scope thereof. 

EXAMPLES 

A closed reflux set-up was used to conduct polymer inhibition test runs. Oxygen contact with the vinyl 
monomer was minimized by using a bubbler connected to the end of the reflux condenser to avoid back-up 
flow of oxygen Into the set-up. Also, a septum attached to the open neck of a three-necked, round-bottom 
flask was used to allow easy sampling of the refluxed fluid with a monostat so as to avoid opening the reflux 
set-up and allowing oxygen contact with the monomer. Nitrogen purging at a low flow rate was conducted 
throughout the reflux to reduce the presence of oxygen In the system. A controller was used to keep the 
temperature constant which assisted In keeping the monomer fluid from boiling and overheating. 

Samples of 150 mL of monomer were used In all test runs. In runs testing the monomer with treatment 
compound(s), the treatment was added to the monomer prior to starting the run. Stirring of the monomer was 
performed using a Teflon-covered magnet, which provided uniform heating of the fluid as it was refluxed since 
the fluid thickens as polymerization occurs. (Teflon' is a Trade Mark). A 10-mL aliquot sample was taken In 
each test run after four hours and six hours of heating at 100°C (212°F). The polymer In the sample was 
precipitated out of solution by adding methanol In a 2:3 ratio, (refluxed sample methanol). The polymer was 
then filtered with a weighed 5.5 cm, No.40 ashless filter paper, and a Buchner filter. The tittered malerialwas 
placed In a desiccator and evacuated for about 24 hours. The filtered material was weighed after It was dried. 
The results obtained are reported In Table II below. 
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TABLE II 



RUN | 



TREATMENT 



V | NONE 
I 

2 | NONE 
I 

3 I NONE 
I 

4 Ibutylated hydroxy toluene 
KBHT) 
I 

5 |4-tertiary -butyl catchol 
I (TBC) 

I . 

6 | di ethyl hydroxyl ami ne 
l(DEHA) 
I 

7 Idinitro-ortho-cresol 
l(DNOC) 

I- I 

I 8 IDEHA/BHT 
I I 

I 9 I DEHA/TBC 
I I 

MO IDEHA/DNOC 



_EE!L 



50 
152 
45 
45 



After 4 Hours 
MG» % Polymer 



938 
1039 
932 
996 

727 

341 

272 



) 

) 100 



100 
75 
35 
27 



After b Hours- 
MG \% Polymer 



T 
1591 |) 



1589 
1454 
1538 

11210 

644" 

717 



) 100 



) 



100 
78 
42 
47 



1 1 

125/251 


651 | 


67 


1 1 
1 945 1 


61 


1 1 

125/251 


146 | 


15 


1 1 

1 207 1 


13 


1 1 






1 1 




125/251 


39 | 


4 


1 78 1 


5 



*MG = milligrams 
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The results reported in Table II show that the mixture of N.N-diethylhydroxylamine and dlnitro-ortho-cresol 
provides polymerization inhibition. However, at etevated temperatures, the lower boiling diethylhydroxylamlne 65 
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may contaminate the processed and purified vinyl aromatic compound. 

Additional testing was conducted using the insolubles test method to evaluate the synergistic combination 
°L 2 5Lt!?. nt rnventlon - ,n a 17-mLtest tube were placed 10.0 mL of double distilled styrene (under vacuum at 
about 35 C) and the appropriate amounts of Inhibitors. The tube was sealed with a septum cap that was wired 
on. Two needles were pieced In the septum cap. and argon was purged through the tube for 30 seconds 
whereupon the needles were removed. The tubes were placed In an oil bath regulated at 107.2° C ± 5 4°Cfor 
I? 25 F ?u 3 °? for 3,0 hours - At Qnd of *™ e > tubes were cooled in an Ice bath and the contents 
thoroughly mixed with 90 mL of methanol. The precipitated polymer was filtered, dried overnight In an oven 
and weighed. Ail additives were prepared as 2.5 wUVb -solutions in methanol. 

TWo mixtures were prepared forthese additional tests. Mbcture A was prepared by placing 15 9 g (0 15 mol) 
of anhydrous sodium carbonate, 7.0 g (0.1 mol) of hydroxylamlne hydrochloride, T1-6 mL (12.5 g. ovTmol) of 
^^V; chloride, 15 mL (16 g, 0.1 mol) of ethyibenzyl chlorides (about 30<Vb ortho and 70% para Isomers) and 
130 mL of methanol In a 1-L round-bottomed flask. This mixture was heated and stirred at reflux forfour hours 
whereupon the methanol was removed by distillation. The remaining viscous mixture was stirred with 50 mL of 
ool 6r tO ,£f0? a f ,ear » coIouriesa aqueous layer and a hazy organic layer. Separation of the layers resulted in 
2Z.S g (seo/o of theory) of crude diberizylhydroxylamines (by gas chromatography - mass spectrometry 
analysis this mixture consists of N-monobenzylhydroxylamine, N-mono (ethyibenzyl) hydroxylamlne NN-di- 
benzylhydroxylamine. N-bnezyl-N^ethylbenzyOhydroxylamine, and N l N-di(ethyiber^)hydroxylarnine, , plus 
other unrdentffied materials). The starting chlorides were virtually not present In the resulting product 
Acidification of the barely basic aqueous layer yielded substantially no CO a . Mixture B was prepared using the 
same procedure as described above for preparation of Mixture A, but 6.3 (0.05 moi) benzyl chloride. 7 0 g (0 05 
mol) of o-methyibenzyl chloride. 7.0 g (0.5 mol) of m-methylbenzyl chloride, and 7.0 g (0.05 mol)* of 
p-metnylbenzyl chloride were used in place of the benzyl and ethyibenzyl chlorides, resulting In 20.5 g (87*Vb) 
of r N- mon obenzylhydroxyIainine, N-mono(methyibenzyI)hydroxylamine, N.N-dibenzylhydroxyiamine, 
N-benzyl-N-fmethylbenzyDhydroxylamine, and N.N-dimethylbenzylhydroxylamine, plus other unidentified 
materials. The results are reported in Table III below. 
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TABLE III 



Additive 



None 



PPm 



No. 

Tests 

19 



Grams of Polymer 

1.18, 0.92, 1.10, 
1.17, 1.14, 1.31, 
0.99, 0.96, 0.96, 
0.99, 1.00, 1.16, 
0.99, 1.00, 1.02, 
0.93, 0.82, 1.00, 
1.13 



Ave. Calc. 

Grams Grams 

of. of 

Polymer Polymer 

1.04 + - • 
0.12T 



DNOC 


100 


3 


0.28, 


0.18, 


0.20 


0.22 


DNOC 


50 


7 


0.76, 
0.64, 
0.35 


0.18, 
0.68, 


0.64, 
0.31, 


0.51 


DNOC 


25 


1 


0.54 






0.54 


DNOC 


12.5 


1 


1.15 






1.15 


DEHA 


100 


3 


0.52, 


0.33, 


0.22 


0.36 


DEHA 


12.5 


1 


1.15 






1.15 


Mixture B 


100 


1 


0.84 






0.84 


Mixture A-l 


100 


2 


0.62, 


0.76 




0.69 


Mixture A-2 


100 


2 


0.70, 


0.65 




0.68 


Mixture A-3 


100 


1 


0.76 






0.76 


Mixture A-4 


100 


1 


0.73 






0.73 


Mixture A-l 


50 


1 


0.75 






0.75 


Mixture A-2 


50 


1 


0.77 






0.77 


Mixture A-3 


50 


1 


0.93 






0.93 
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TABLE III (Cont'd! 




* 


s 

10 


i 
\ 

Additive 


• 

PPtn 


Mo. 
Tests 


• 

Grams of Polymer 


Ave. 
Grams 
of 
Polymer 


Grams 

U 1 

Polymer 




Mixture A-4 


50 


1 


0.81 


0.81 




15 


DEHA/DNOC 


50/50 


1 


0.12 


0.12 


0.17* 


Mixture B/DNOC 


50/50 


1 


0.19 


0.19 


o:4i* 


20 


Mixture A-l/DMOC . 


50/50 


3 


0.09, 0.08, 0.10 


0.09 


0.22** 


Mixture A-2/DNK 


50/50 


2 


0.45, 0.57 


0.51 


0.24** 




Mixture A-2/DN0C 


50/50 


1 


0.08 


0.08 


0.24** 


25 


Mixture A-3/DNCC 


50/50 


1 


0.10 


0.10 


0.40**' 




Mixture A-4/DM0C 


50/50 


1 


0.12 


0.12 


0.28** 



30 



40 



45 



50 



*Calculaued Grams of Polymer" = DNOC at 50 ppm - [(None - other addi- 
tive at 100 ppm)/2] 
= 0.51 - C(1.04 - other additive at 100 
Ppm)/23 

^Calculated Grams of Polymer = DNOC at 50 ppm - [None - other addi- 
tive at 50 ppmj 

= 0.51 - [1.04 - other additive at 50 
ppmj 

DNOC = dinitroorthocresol 
DEHA = di ethyl hydroxyl amine 

The results reported in Table III demonstrate that the higher boiling substituted hydroxvlamlnes are 
synerg.suc wfth dinitroorthocresol in inhibiting polymerization. Except for the Mfch^2-Dl^r«Wch » 
average of 0.51 grams of polymer resulted - but it Is believed that there may Tavebeen a l problem Wiethe 
223?™ S ^ 0f ,^ lteed f ° r d0Sln9 thS Styrene }n *— tests £- «» S mns^odudCo X 
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Claims 



1 . A method of Inhibiting polymerization of a vinyl aromatic compound at elevated temperatures which 
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wherein R and R' are independently hydrogen, aikyl or araikyl groups, said alky! or aralkyi groups having at 
least 3 carbon atoms with the proviso that R and R' cannot both be hydrogen, the substituted 
hydroxylamine having a boiling point higher than the boiling point of the vinyl aromatic compound, and (b) 
adinitrophenoL 

2. A method according to claim 1, wherein the elevated temperatures are part of the distillation 
conditions comprising a distillation process. 

3. A method for the preparation of a readily polymerizabie vinyl aromatic compound at elevated 
temperatures which comprises adding to the vinyl aromatic compound an effective amount for the 
purpose of 4a) a substituted hydroxylamine having the general formula: 



wherein R and R' are independently hydrogen, aikyl or aralkyi groups, said alkyt or araikyl groups having at 
least three carbon atoms, with the proviso that R and R' cannot both be hydrogen, substituted 
hydroxylamine having a boiling point higher than the boiling point of the vinyl aromatic compound, and (b) 
adinitrophenoL 

4. A method according to any of claims 1 to 3, wherein the aikyl of aralkyi groups have three to twenty 
carbon atoms. 

5. A method according to any of claims 1 to 4, wherein the substituted hydroxylamine is selected from 
N.N-dibenzylhydroxylamine, (methylbenzyl)hydroxylamines and (ethylbenzyl)hydroxylamines. 

6. A method according to any of claims 1 to 5. wherein the dinitrophenol Is dinitroorthocresol. 

7. A method according to any of claims 1 to 6, wherein the total amount of substituted hydroxylamine 
and dinitrophenol is from about 1 ppm to about 10,000 ppm based upon the weight of the vinyl aromatic 
compound. 

8. A method according to claim 7, wherein the total amount of substituted hydroxylamine and 
dinitrophenol is from about 5 ppm to about 1000 ppm based upon the weight of the vinyl aromatic 
compound. 

9. A method according to any of claims 1 to 8, wherein the molar ratio of substituted hydroxylamine to 
dinitrophenol Is about 1 :1. 

10. A method according to any of claims 1 to 9, wherein the vinyl aromatic compound is styrene. 

11. A process for the* preparation of styrene which includes a distillation step at elevated temperature, 
which comprises adding to the styrene an effective polymerization inhibiting amount of (a) a substituted 
hydroxylamine selected from N.N-dibenzylhydroxyl-amine, (methylbenzyl) hydroxyzines and 
(ethylbenzyl)hydroxylamines. and (b) a dinitroorthocresol. 
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